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@ Mask alignment and measurement of critical dimensions in integrated circuits. 

(£) A method for determining alignment and critical dimen- 
sions of regions formed on a semiconductor structure during 
one or more process steps includes the steps of defining a 
pattern A at a first location on the semiconductor device dunng 
a process step, defining a second independent pattern B at the 
first location on the semiconductor structure during another 
process step, acquiring an image of the combination A and B of 
both the first and second patterns, filtering that image to 
attenuate higher spatial frequencies while preserving lower 
spatial frequencies, and comparing the sign result of the filtered 
image with the sign result of a stored image of the individual 
patterns to determine alignment errors. In the preferred 
embodiment the step of filtering includes taking the Laplacian 
of Gaussian convolution of the image and saving the sign of the 
result The comparison between the filtered image and the 
stored image uses the correlation function for the filtered 
images. Special circuitry is disclosed for performing the method 
rapidly enough to enable commercial applications. 
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Description 

MASK ALIGNMENT AND MEASUREMENT OF CRITICAL DIMENSIONS IN INTEGRATED CIRCUITS 
BACKGROUND OF THE INVENTION 

^^ITsSffiSsffes-to the manufacture of integrated circuits, and specifically to a system former 
and roSng the alignment of various layers in such circuits, as well as to a system for measuring c ca 
^^TriMegrited circuits. The system permits alignment of masks and ™« u 5 8 ™^ 
Smensions with accuracy greater than the resolution of the optical system employed ,n performing the 
alignment and measurements. 

^S^f^i^Swgrated circuits, a semiconductor wafer, typically silicon, is subjected to a complex 
.Jr^roforScess operations to define active and passive components by doping regions within the wafer with 
SStto ^ Durfng and after these operations, layers of electrically conductive and .nsulat, ng mater* are 
Seoos ed and defined on the wafer to interconnect the active and passive components into a des.red 
?™»Sri ^?cuit The orocessing of the wafer usually employs techniques in which masking layers of various 
Tm&Z^^^^*°V°*** across the upper surface of the wafer. Using photolithographic 
or S ^cSq^SSSS «• defined in the photoresist or masking layers to allow ^ctive •ntroduot.on 
of P and N-conduct vity type dopants, such as boron, phosphorus, arsenic and antimony, through the surface 
of The silico^ wafer. These doped regions provide components, such as transistor emitters, resistors, etc of 
Reintegrated c rcuit. In state-of-the-art integrated circuit fabrication technology, many separate masks are 
employed to define the ultimate integrated circuit. For example, some bipolar circuit ^ncat,on processes 
pmo ov 13 different masks to selectively expose photoresist layers during different processes. 

^Tou^ ^ZxL in electronics continues to be the result of the integrated circuit manufacturer s 
abUi? topacemore and more components in a smaller and smaller area of the wafer. Because . th •coat of 
orocessina a single wafer is fixed, and substantially independent of the number of devices formed therein. 
SecreaSng the sfze of individual devices, increases the number of devices formed in a wafer, and resu.ts ,n 

30 ,0 As r thTin'dTviduafcomponents on an integrated circuit become progressively waller, however the 
imoortance of aligning each mask with the underlying wafer becomes greater. For example, if the minimum 
^aciS between ^o electrically conductive lines on an integrated circuit is 5 microns, a 1 -micron mask 
^ finnmprt wm not electrically short the lines to each other. On the other hand, a 1-micron misalignment on 

Conduct ve ^es will be shorted to each other, while transistor components will be so misplaced as to render 
the XS! nonfunctional. Thus, as the integrated circuit industry's capability to place 

given size chip increases, the importance of properly aligning each overlying layer w.th the underly.ng wafer 

b Tn?Tradmonal' approach to aligning or checking alignment of a layer with respect to the , undj flying 
structure fo example a photoresist pattern deposited on the wafer, employs comb-shaped alignment 
oanSrns A fi st comb shaped pattern, for example, with teeth pointed north, is fabricated on the wafer ,n an 
Sv orocesi ^ operation A complementary comb-shaped pattern with teeth facing south and with a sl.ghtly 
^ZS^S^S^^^ is formed ,ater ' for examp,e " in 3 P^oresist pattern appMed to the : wafer 
?he second'pSern is offset from the first pattern so that the tips of the teeth of the two patterns mesh The 
Sghtly different spacings of the teeth allow only one pair of opposing teeth to be aligned , wrth ach ^ther ft a 
time The position of the aligned pair in the comb pattern provides a sensitive measure of the alignment error 

be ™?Cernfer t lngnme r nt pattern has proven satisfactory for many applications; however, distortion due to 
inference JrlSiTn trl optical images of the patterns make the line position difficult to f determine^ 
Furthermore the area of comparison in the comb structure is a very small region where the teem approach 
ea?h o her Thus, the pattern may be employed effectively by automatic alignment measurement systems onj 
?f the imaging device by which the pattern is viewed has resolution as fine as the ^s^ b^uA 
measurement and has very low noise levels as well. Additionally, the inherent accuracy hmit s determined by 
me Tgttizlng grid used by the main circuit layout. It is desirable to overcome th -s '^'ta^n. 

A further deficiency of present alignment patterns is that automatic measurement wrth the patt «™ 'equros 
comSex software for identifying the patterns, recognizing the teeth, etc. Thus, automating the alignment o 
suS SemsTdifficu It. Of cou?se. aligning such patterns manually is undesirably labor .ntens.ve. and subject 
fo opeSSTnterpretation. Such measurements are tedious and subjective, and the operator must key the 
rpcuiits into a terminal to control a computer integrated manufacturing system. 
reS S dimensls on a .ayer of an integrated circuit, as opposed to alignment of 

measured by human operators. A test pattern fabricated on the circuit usually has a series of parallel bars 
eTch hating a width equal to the critical dimension, and each spaced apart from adjacent bars by the crit.cal 
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-j- „ei„„ nvprexoosure assuming positive photoresist, results in the bars being narrower than desired, 
n^ntw SeMS^^h of the spaces between them. Underexposure had the opposite effect 
G ^^^^^^^rhB spaces Using a microscope, the human operator measures the critical 
*m^on% 2££ri™to bar/space ratio to assure that it is within tolerances. Of course, this approach 
S?ro De LtoMSention, and is susceptible to the same difficulties in interpretation as described above, 5 
lhal Ms disS cue interference fringes distortion of the optica, system used to examine the test pattern. 

"2, = ^J^^^ZZ?^ - bars and spaces 

the same T disadvantages described above. Furthermore, it is difficult to determine prec.sely wh.ch part of the 
waveform corresponds to the edge of the bar or space. 

^^ ^^SS^S^ i for aligning overling layers on integrated circuits checking their 15 
»^™^4xw^QC^ dimensions on such circuits. We have developed a system wh.ch overcomes 
SfdSSes oTJSr art alignment and measurement techniques for integrated circuits, and wh.ch allows 
aTanmen ^ and measurement of critica. dimensions to be made automatically, with m.nima or no ^ operator 
aS^ance Our method employs alignment targets comprised of isolated f.ne scale marks fabricated at he 
assistance, uur wneu u vj « integrated circuit. The marks are arranged in an irregular, 

wSvTandom patfern over a SE^na. area of the circuit. The patterns are built with smail sparse 
KmJrrtsT a nonrepeating or irregular fashion, and are designed to have a large amount of low-spat.al 
f^nuencv energy ^Tn ou preferred embodiment, the patterns are constructed using a random number 
glZ^nTSeJne relocations on a two-dimensional lattice having a dot. Figure 1 ,s an example of one 

such pattern. nnH( , rn k aca uired for example using conventional optical or SEM techniques, the 

im^ts a d n Sd an ,£e to enhance T?^ low frequency information in the pattern while attenuating the 
nTcTh ?reo2encv1nformation. Destruction of detailed fine information in this manner makes our invention less 
Sns 1 ve t^noise and the optical vagaries of the measurement apparatus. Correlation techn.ques may then be 
mniSTd to determine alignment and/or critical dimensions of the integrated circuit. 

• JIV nTTmall features The technique also permits superimposition of two drfferent patterns whde 
Z£Z ^ m ?asuTemenr 0 f the iosit on of each of them. Thus, if one pattern is defined on the wafer, and the 
ZZSZdi Tptaced^n photoresist on top of the first, the relative alignment of the two patterns may be 
automatically determine^ determining the alignment of regions formed on a 

LonducTor ^slrlture durSg s^para e process steps includes the steps of defining a first irregular pattern 
n?p e mems at a f rst Sion on the semiconductor structure during a first process step defining a second 

llrllnlV o 'elements also at the first location on the semiconductor structure dunng the second 
■rregular pattern of e jemenw aiso^ ^ ^ ^ ^ prov|de an |mage 

SSng S^"rSrl^S te«t some higher spatial frequencies while preserving at 'east some 
lr InlSfreauencies to thereby provide a filtered image, and comparing the filtered image w,th the stored 
^TfiS^^cSSi* second pattern to thereby determine the alignment of regions on the 

^^.te^ the first and second patterns are spaced apart from each other to enable 

, ^nt bv ^ measuTemem of he distance between the two patterns. In a further embodiment obscuring bars 
%™^ZZ£^«^> P-tt. rn to hide edges of the individual elements, and enable determ.nat.on 

of critical dimensions on the semiconductor structure. 

^^S^&^^nern of the type employed in the preferred embodiment of the 

'"RgS^ illustrates schematically two such alignment patterns in adjacent locations on a wafer, with 
Fiaure 2a being a top view and Figure 2b a cross-sectional view; Q „ lo „ ian nf « 

Rgure 3 is a filtered image of Figure 1 showing the sign result after appl.cat.on of a Laplac.an of 55 
Gaussian convolution operator ; 

Figure 4 is the correlation function of the sign array of Figure 3; 

Figure 5 is a second irregular alignment pattern of the type employed with the pattern of Figure 1 . 

Figure 6 is a combination of the patterns of Figures 1 and 5; ^ 

Figure 7 is the filtered image of Figure 5; 

VnSS^co^ation^tion of Figures 7 and 8, and of Figures 3 and 8. i.lustrating 
alianment of the peaks of the correlation functions; 

Finure 10 is a pattern used to measure critical dimensions on an integrated circuit. 

F !gu!L l^a andTtT Slustrate the manner by which the pattern of Figure 10 is employed in measuring 65 
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critical dimensions; 

Fiaure 12 is a block diagram illustrating one system for correlating two filtered images; 

Figure 13 is a block diagram illustrating one technique for collecting pixel values for comput.ng the 

5 La Figurfe n i4 isa blodfdiagram illustrating one technique for obtaining the Laplacian of the pixel values 

C %taure 15 SSock diagram of the basic computing element of one technique for obtaining a Gaussian 

C °Rq 0 ure 16 Saislherepeated application of the technique of Figure 15 to compute a seven by seven 
,0 two-dimensional Gaussian convolution of the Laplacian filtered signal from Figures 14 and 16; 

Fiaure 17 is a block diagram illustrating the combining of the Laplac.an with two seven by seven 
Gaussian elements to efficiently produce a 21 by 21 Gaussian of Laplacian convolution; and 

Figure 18 is a block diagram of the correlator used to compare filtered images. | 

15 DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS ...... 

Our invention includes a meth od for measuring alignment and measunng critical dimensions on an 
intSratTcircuit structure as well as apparatus for carrying out that method. The method .s descnbed be.ow, 
followed by a description of the apparatus. 

20 M we°have developed a method for measuring alignment accuracy of overlying layers on integrated circuit 
structures. Our method employs alignment targets which are built up from Isolated ftnes^ema^ Really 
marks fabricated at the feature size limit of the process employed to manufacture the integrated circu t. In a 
preferred embodiment, these fine marks are spread out in a pattern in a two-dimensional array to form a target 
Typically the target will occupy a region of the integrated circuit where circuitry is not to be formed, for 
examDle between bonding pads or in a region interior to the bonding pads. , 

fn thl preyed embodiment, our fine scale features consist of small square "dots' distributed in an array In 
the example the array consists of a matrix of 50 by 50 potential dot locations, with each potential dot being 
seoa^rated from its neighbors by the minimum dimension, i.e.. one dot width. Figure 1 .s an example of such a 
mTtnx The aSual locations for dots in the array of 50 by 50 potential dots are randomly selected. For the 
examDle sho"w?nn"Figure 1 , the determination of whether to place a dot in a given location is made employing a 
random number generator with a 500/o probabiiity at each location. The pattern ("A') shown in Figure 1 is not 
reoeatTnC and has a large low frequency content of spatial information, that is, the dots and spaces tend to 
orqanze themselves into clusters. With respect to an integrated circuit, the pattern depicted might be 
fabricated I by Etching, oxidizing, diffusion, ion implantation, or any other well known process by which a 
riPtectable Dattern may be formed in an integrated circuit structure. 

The particu ar pattern employed is not critical to our invention. Almost any pattern ^ «^*««J 
frequency structure may be used, including regular patterns. If regular patterns are chose "- ^f"*^™"! 
cw be made to a single instance of the pattern, but which instance must be otherwise specified. It is desirable 
for the Stern to contain low frequency information on two independent axes if alignment in two d.mens.ons is 
sought To provide relative insensitivity to optical distortion, high frequency no.se and aliasing the 
dimensional power spectrum of the pattern, should have significant energy distributed over at least an 

annulus centered on the origin of the power spectrum. 

Tn accordance with one embodiment of our method, a second pattern having small sparse elements w.ll be 
to meS in the next layer of the integrated circuit in proximity, but not overlying, the pattern shown m Figure 1 
For example as shown in Figure 2a. if the pattern shown in Figure 1 is formed in the semiconductor wafer 1 1 0 
Self SanoTher pattern 24 may be formed in photoresist layer 20 spaced apart from the pattern ,n wafer 10. 
in th s embodiment pattern 24 usually will be identical to pattern 12. although this is not necessary. In a manner 
exp^neTbelow. alignment of pattern 24 in the photoresist with the pattern 12 in the wafer 1 may b. > vended 
usTna the method of our invention. Of course, because formation of the pattern is accom P' ,shed . b y^ e n ^"l e r 
Process a"d at the same time as formation of the surrounding components of the Integra e d circuit, the proper 
alignment of the two patterns verifies the proper alignment of the two layers and all of the components 

^^^.SnSSS-to the invention, the alignment of the components to be formed using the 
ohotoresist 20 with the underlying wafer 10 may be verified before the the components are formed ,n the 
CScircuit that is. before the diffusion etching or other step is carried out. In this manner if pattern Et in 
he phoSesi^ 20 has been incorrectly positioned, the layer of photoresist may be stripped from th e wafer 
usina well known techniques), a new layer of photoresist applied, and a new pattern defined therein 
FabhcatTng the Tcuit in this manner assures that all of the regions formed in the wafer are properly aligned 
60 with respect to each other-eliminating mask misalignment as a source of reduced yield. 

Once ?he two patterns are fabricated adjacent to each other in the manner depicted m ngures 2a and 2b 
direct measurements could be made between the two patterns to determine their relative ■'•9"™"*; "« 
difficult to perform such measurements with the necessary accuracy, however, as it is desired to align the two 
pLtterns towithin substantially less than one dot diameter. We have discovered that by 
65 high frequency (detailed) information, while retaining some of the low frequency (clustering) information of 
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Figure 1 alignment of the two regions may be achieved with greater accuracy than in the pnor art. and 
relatively independent of the quality of the optical system employed. 

In the preferred embodiment, images of the two targets 12 and 24 are acquired us,ng conventional optical or 
scanninq electron microscope technology. Once the image is acquired, it is digitized and a filtering operation 
fs perlo?med to enhance the low frequency structure in the pattern while attenuating the high frequency 
information The result is a filtered image such as depicted in Figure 3. 

Sough many different types of filters may be employed to enhance the low frequen ^ structure^ , n the 
preferred 9 embodiment a Laplacian of Gaussian (V*G) convolution operator is used. The Russian is a 
rwoSensional Gaussian which functions to low pass filter the image in a way that attenuates htgh spatia^ 
Teauencies while preserving the geometric structure at lower spatial frequences. The s.ze of the Gauss an 
controls ill scale at which structure remains in the Wared image. The Laplacian term detects location n .the 
tow pass filtered image where local maxima in the rate of brightness change occur. These locations co.nc.de 
closely with the locations where the Laplacian has zero value. It is known that: 

( v 2 G) * I s V Z (G*I) - G * (V2*l) (1) 

where V* is the Laplacian. G is the Gaussian and I represents the image. Hence, the order in which the 
nnerators are aDDlied will not effect the result. . , iL . 

r P pncation of the Laplacian of Gaussian convolution operator and taking the sign of the result creates the 
imate o5?SJre 3 from that of Figure 1 . It will be appreciated that once the image is scanned and digitized I such 
an operation may be performed using a suitably programmed conventional general purpose digital computer 
WhS this ?s "feasible, the use of conventional digital computers is undesirably slow, requiring on the order of 30 
Seconds i m!S to process a single image. Because commercial applications of the system of our invention 
compel angrTmenl rich more quickly, we employ a processor with a special architecture to perform the 
necessary calculations. In this manner alignment may be verified in less than about 0 1 seconds. 

ThJre^Veveral approaches for approximating the Laplacian of Gaussian convolution of the irregular 
patTem we Create For example, a difference of 2 Gaussian convolutions where the Gausslans have space 
constants a e and cri such that: 

, , Zl < 2 (2) 
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or so and the Gaussians are normalized to have the same volume provides a very close ■approximation i of the 35 
Capla'ctar ?of Gaussian convolution. The Laplacian of Gaussian convolution may also be considered as* 
bandpSi fHteTbecause the Gaussian is a low-pass operation and the Laplacian a high-pass .operation. Neither 
ooSon has very sharp roll-off to either side of the center frequency. Any filter with properties such as above 
wm be approprSi for the approach we employ. Importantly, we only use the s gn of the convolved s.gnal 
because our technique relies upon the zero crossing locations of the convolution. 40 

TppHed to the image of Figure 1 with an operator diameter about ten times the dot separation or larger ou 
technique, exhibits in its sign pattern structures correlated with the clustering structure of the original do 
and not with individual dots. Because the sign pattern is thus tied to the overall position of the do 
S on the image surface, and not with any particular location for any finer feature it .s '"sensitive o small 
dtetortfons such as fringe effects, interference, dirt, noise, etc., which are present in the imaging. Because this 45 
fechn^e captures coarse scale structure of the patterns and is relatively insensitive to high frequency noise, 
tt ?s i d ^ scanning electron microscope images of the patterns, which typically exh.brt s.gn.ficant 

^jtter filtering the next step of our method is to measure displacements between the patterns 12 and 24 
(Fioure 2a? using a correlation function. The correlation function of the sign of the Laplacian o Gaussian x 
convolution can be estimated as follows: Let the image l(x.y) be a Gaussian random process with unrform 
spectrum and let 

C (x.y) = V 2 G ' Kx.y) (3) ^ 
where • denotes a two-dimensional convolution. The correlation of C(x.y) when the image l(x.y) is taken to be 
Gaussian white noise has the form 



c L v/ w J L w J 



- ■ (4, 



60 



where k is a constant and W is the diameter of the negative central region of the V*G convolution function. 

T^e co" elation R s (t) of the sign of Eq. (3), S(x.y) = sgn[C(x,y)]. obeys an arcsin law when C .s a Gaussian a 
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Fioure 4 shows the correlation function of the sign cf a Laplacian of Gaussian c u on ^ lut,on ^ As | sh °^^ 
Fioure 4 when two patterns such as depicted in Figure 3 are compared with each other, a s.ngle strong* 
70 Srefated location, corresponding to the peak of the cone in Figure 4, ; esults Th M,sa !'9 n ^' ^ 
ho Sntaily or vertically, by any significant amount, results in a much lower correlat.on. The width of the base of 
th con ^ is controlled largely by the size of the filter employed, with larger filters prov.d.ng broader cones. 
Sharpness onSe peak is die to the binary nature of the filtered image. The use of the sign, rather than the raw 
c co Sn 'ue , also causes the correlation peak to be normalized w.th a height of one .n the absence of 
15 no^se Once the height of the correlation surface has been measured at several locations around the peak a 
model of 5he surface may be constructed and the peak location estimated with great accuracy. Once this 
process i formed fo/each of target 12 and target 24 (see Figure 2a). the separation between the peaks 
mav be accurately calculated and compared with the desired value to thereby prov.de an ,nd,cat.on of the 
Sspective alignment of the two targets. Of course, because each of the targets 12 and 24 was formed at the 
20 same 22 as other regions in that layer of the semiconductor structure, their relative al.gnment also prov.des 
information about the relative alignment of everything in the respective layers. ™,™Hir...i-r 
of a second target on wafer 10 or layer 20 would allow triangulation to measure off set . a perpendicular 
orlentatoMo Figure 2b. Furthermore, although the targets are shown as in the wafer and m photores.st on the 
* wafer such targets could be formed in any two layers if it is desired to determ.ne their relative al.gnment. for 
2 example in a silicon nitride masking layer and in a second layer of metal connections. Ktril( . tlirp 
Unfortunately using the above-described technique to align the regions on the semiconductor structure 
r^.?una^le skta effect in that it requires an imaging system with very high , geometric precisior , because 
the wo targets are placed side by side. For example, if the patterns on the two layers *^^f«» 
aliqnmeni are separated by 100 microns and the imaging system has a geometric accuracy of 2<Vo then .there 
5 8 bla + 2 micron uncertainty introduced by the imaging system. This 2 micron uncertainty may be more than 
an order of magnitude greater than the precision desired in making such measurements. Accordingly we have 
fnvented further technique for alignment and verification of alignment of regions on semiconductor 

St Figure"! illustrates another irregular dot pattern ("B") fabricated at a desired location^ on i a ^iconductor 
structure As with Figure 1 the individual "dots" are spaced apart by one dot height and width By 
superimposing^ s second independent pattern "B" on the first pattern "A" with the dots of pattern J falhng 
fnto the soaces of pattern "A." each pattern may be treated as noise to the other when the position of each is 
Txe mine P d The , pSSlons of the two patterns then may be compared to determine whether the patterns^ are 
correSly aligned. The pattern "A+ B" shown in Figure 6 is an example of this approach. It ^" created I by 
combSg the pattern depicted in Figure 1 with that shown in Figure 5. Each of Figures 1 an 5 have > dot 
D a?e r w hich are spaced on a distance which is twice the dot diameter. In Figure 6. one of he pa rterns is 
shSby one dot diameter to the left and down before being combined with the other pattern. In this manner 
?he dots o?tSe two patterns do not overlap. Thus, with reference to the example previously descnbed. the 
nattern of Fiqure 1 will have been formed on the wafer substrate, while the pattern of F.gure 5. shrfted by one 
5o?d[ameter both horizontally and vertically, is formed in the overlying photoresist. When viewing the structure 

ir °Z*:7^Z^l^£Z Pattern achieved using the Lapiacian of ^j^™! 
above for the dot pattern of Figure 5. Figure 8 is a corresponding pattern for F.gure 6. Note that the sign 
pattern c Figure 8does not resemble either of the patterns of Figure 3 or 7. There is, however, a signrf cant 
colle ation between the sign structure in Figures 8 and 3 and also between Figures 8 and 7. Th.s is , I ustrated 
bv thTcorreiiion plots of Figure 9. The upper plot in Figure 9 represents the correlat.on between F.gure 8 and 
Rqure 7 Se ^he lower plot represents the correlation between Figure 8 and Figure 3. In the manner 
p 9 ev ousiy described, the position of the peak in the individual plots may be determined by -mstang , use of as 
many measurements of the correlation surface as desired. In this manner the peak of each may be accurately 
determined Once the individual peaks are located, the difference in peak positions for the two surfaces 
?epresents the alignment error between the two layers.. As with the example of Figure 2, th.s f ^nce may 
determined within a very small fraction of the diameter of a pixel. Because the two patterns, A and _B. he .n the 
same oart of the camera image and the correlation peaks for each of them are typically separated by less than 
a Tot dimeter, tne geometric distortion of the optical system has a negligible effect on accuracy. 

As an example of the precision with which the peak position may be determined, the upper corre.ation 
surface of Figure 9 was sliced at discrete correlation values beginning with c = .2 in increments ° °-03. Each 
sSce produces a disk shaped cross-section of the cone shaped correlation surface. The x pos. -ons of the 
bounS points on this disk were carefully estimated using linear interpolator ijhen. the disk s center of 
mass in The X direction was calculated. Likewise the center of mass was calculated for each of the other shoes 
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taken through the correlation surface. Finally the average of all the centers of mass was taken to estimate the x \ . 

pcitto! o the correlation peak. The same process was then used to estimate the peak position of the lower 
Surface in Figure 9. As a result, even though the images were made with a V.d.con camera having about a 2<Vo 
geometric dfstortion across its field of view, the difference in peak position for horizontal alignment was oriJy 
about 1/20th , of a pixel. The effective pixel size here was about the same as the pattern's dot size, thus a 1 
micron dot provides an alignment resolution of approximately 0.05 microns. 

The approach described above also can be employed to align masks prior to exposing the P h f ores ' st J b V 
imaainq the mask pattern onto the substrate at suitably low energies (or appropriate wavelengths) to prevent 
e^oosure of The photoresist. Employing the same steps as described above, the alignment of the projected 
Pattern pattern present in the previous layers may be compared. Furthermore, because the photoresist is 
nofexposed' any errors detected may be corrected by the stepper or other mask <*ncat^ app^£ • y 

Fioure 10 illustrates a test pattern for measuring critical dimensions on an individual layer of an integrated 
circuit structure. The pattern of Figure 10 is fabricated by forming on a single layer of the integrated circuit 
device a pattern of the type depicted in Figure 6, that is, a pattern which is itself a combination of *»o other 
constLenf patterns. The constituent patterns are designed such that obscuring bars which extend through 
?he pattern obscure the right-hand edges of the pattern elements on the "right" pattern and the left-hand 
edoSouSe pattern elements on the "left" pattern. Although the pattern formed on the integrated circuit itsel 
consists of tv?o patterns, the pattern is formed in one operation or process step, not two. The two constituent 
Pattern^ however, are separately stored in the memory of our system and separately filtered. The pattern on 
the integrated circuit then may be employed to measure critical dimensions in the manner described below. 
The f orego ng approach for measuring critical dimensions on integrated circuit structures functions because 
Jh ^ paSTanafysis technique ignores the regular obscuring bars, and is sensitive only to the perceived 
posiSoJ of the random elements"™* is because the regular bar pattern in Figure 10 has a small ow spato 
frequency content compared with that of the dot patterns, and so the resulting sign pattern of the V*G 
condition is essentially independent of the presence or absence of the regular bar pattern. 

?he manner by which the critical dimensions may be measured is depicted in Figures 1 1a and 1 1b^As shown 
in Fioure 11a the "actual" pattern is underexposed {assuming positive photoresist) in companson to the 
nomfna "intended" pattern. Figure 1 1 b illustrates that when the bars, which the V 2 G filter does not see. are 
rerTved the centers of the individual elements having left edges obscured appear to shift to the nght. while 
h^oattern with right edges obscured appears to shift to the left. In comparison, if the patte,, .s overexposed 
Soa^n assum nc posi tivf photoresist) . the actual pattern will be smaller than the intended pattern. In this case 
SfdetaJted 5Sl5on of the pattern with left edges obscured appears to shift to the left, while the pattern wrth 
rinht edaes obscured appears to shift to the right. 

9 Sus to measure critical dimensions after the pattern has been formed, the image of the complete pattern 
(both left and right patterns-see. e.g.. Figure 10) is acquired and filtered. Next. ,n a manner like that descr.bed 
n conjunction with Figure 9. the convolution of the stored "left" pattern is correlated with the comb.ned 
pattern and The convolution of the stored "right" pattern is correlated with the combined pattern. Once the 
Sate of the two correlations are determined, an offset between them may be calculated. This offset w,l 
orovide Wormalion about the criticai dimension on the integrated circuit. For example, if the pattern is nominal 
as desl ed then the "left" and "right" correlation peaks will coincide. On the other hand if the patterr > is 
underexposed the correlation peak for the "right" pattern will be shifted away from the left" pattern s peak If 
Z Sated pattern is overexposed, then the correlation peak of the right pattern wiU appear shifted to he 
othe? direction with respect to the left pattern. The displacement between the two peaks thus will indicate the 

Cr FTgureT2Ts S a simpSed flowchart illustrating a preferred embodiment of one method of our i™^on J"he 45 
method will be discussed in conjunction with the embodiment of Figures 6 and 9 As has been described a 
fTrst irregular pattern A is placed on one layer of the integrated circuit, and a second irregular Pf« ern B (or A in 
some embodiments) placed on another layer, either immediately above pattern A (or adjacent pattern A). An 
fmaqe oTthe composite pattern is then acquired and correlated with a stored model of pattern A. then with a 
Sed model of pattern B. The difference between the peak positions of these two correlat.on surfaces 
reDresents the alignment error between the two layers. !r ,„ llie =rfl 

Figure 12 is a flowchart illustrating the overall correlation process. As shown ,n F.gure 12 two , ■ iputs , are 
sullied to the process, a stored pattern 30. and a digitized image 31 preferably acquired using an optical o 
scannfno electron microscope. An optical microscope is preferred for embodiments where cost is a s.gnif.cant 
factor rn'appScaTon of the system. Adjustments in the size of the image may be made using ^ -agnmcation 
control These adjustments will affect the height of the peak and permit compensating for errors n the SEM 
oSet wrth respect to the example in which the combined pattern (A + B) is correlated with the first pattern 
A the stored pattern 30 will consist of digital data representative of the pattern A formed on ^"^W 
semiconductor layer The image 31 will be of the combined patterns A + B. Once the stored pattern 30 is 
fetrieved any necfssary scaling 32 is applied to the pattern to convert it to the proper size for comparison with 
he a^quired'image 3l7ln the preferred^rnbodiment, scaling is accomplished by using v"™^™** 
scalina software Typically this scaling operation will be done infrequently since the scaled image can be 
Sled andTeused.Rne adjustments ?o the magnification can be made using feedback from the correlate 
hardware to determine the magnification that yields the highest correlation peak. 
After scaling step 32 is performed, the representation of the stored pattern is filtered to attenuate h.gher 
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soatial frequencies while preserving some of the lower spatial frequences. Th.s step is represented by block 
MThe apparatus for performing the filtering is described below. In a similar manner the acquired image is also 
m'Jred as shown by step 33. The results of the filtered data are each stored, with the image being stored in 
s oraoe 35 an? the representation of the pattern A stored in storage 36. Note that storage 36 1 can be 
Sished See arid then reused so long as the patterns and imaging geometry are not changed. Under 
external con°rol typically from a microprocessor 39. the contents of the two random access memories 35 and 
XwdwSio™ exclusive OR gate 37. The exclusive OR gate, 37. in effect, counts the W to determine 
fhe correction between the stored pattern 30 and the image 31 . By supplying a different offset to one of the 
RAMs 35 or 36 than to the other, the digital representations of the images may be shifted with respect to each 
othe for comparison. Counter 38 will count the hits for each shift, in effect, enabling the m.croprocessor 39 to 
measure selected points on the peaked correlation surface. Once a sufficient number of measurements have 
hpen made the location of the peak can be estimated. 

in ^a manner analogous to that described above, the procedure of Figure 12 may be repeated, th.s time with 
the stored pattern representing pattern B and the scanning electron microscope image again representing the 
combined patterns. In this manner, the correlation surface for pattern B correlated wrth the comb.nat.on of 
patterns A and B may be determined. Once the two peaks are determined, the alignment error .s represented 

^TistesTred l^JTc^^oos, then the procedure described in conjunction with Figure 12 
will be employed, with the stored pattern on a first pass representing one of the left or right patterns and on a 
second pass representing the other of the left and right patterns. In the manner explained above, the 
difference in location between the peaks will be indicative of the critical dimension sought to be measured. 

Annnratu*; for Carrvinq Out the Method 

As mentioned above, to carry out the method of our invention in a practical or commercial context, the 
imaaes acquired or retrieved must be processed much more rapidly than a general purpose digital computer 
3 permi Accordingly, one of us has developed certain special purpose hardware for performing the 
firing Sons at a sufficiently high rate to enable alignment measurements to be made in less than 0.1 

^fnThlfcase of either retrieval of a stored pattern or acquisition of an image through an optical or scanning 
electron microscope, a digital representation of the pattern is required. In the case of retrieval of a stored 
pattern because th. pattern is stored digitally, only scaling is required. In the case of an *M or 8EM image 
however the image must first be digitized using, for example, a commercially available A/D converter 
opeXg attideoTates. For the sake of explanation, assume that in the preferred ^ m ^\ X ^^Z'l 
beSred consists of approximately 50 by 50 elements and is displayed in an area of approx.mately 500 by 500 

35 Pi Once the digitized pixel pattern has been acquired, the first step of our method is to apply the Laplacian 
function Although either the Laplacian or Gaussian functions could be applied first without affecting the result, 
on Tot u T has determined that application of the Laplacian function first provides certain advantages. In 
□articular by applying the Laplacian function first, the video signal is centered on zero and then smoothed, 
f hS Sows better use of n bit integer resolution because the n bit numbers are not requ.red to characterize as 
ISde a range o 'signal as would exist were the Gaussian function applied first. Applying the Laplac.an f.rst 
reduces the amountof scaling required through the Gaussian pipeline operation to keep the values in range. 

The 500 Pixel square image 4ols shown at the top of Figure 13. If the Laplacian function is to be apphedto 
oixel C then the 8 bit binary value for each of pixels A-E must be retrieved and appropriately weighted. The 
apparatus of Figure 13 illustrates one technique for retrieving the desired pixels. As the desired pattern is 
acSured as a noninterlaced video raster scan, either from memory 44 or from microscope 42 and A-D 
converter 43 at some given instant pixel A will be supplied on line 45. At that point in time, line 46 will carry B. 
'he va^ue received 49 9 9 pixels earlier" Simi.ar.y, lines 47, 48, and 49 will hold pixels C. D and E. i ^"P^ly 
which were received 500. 501 and 1000 pixels earlier than A. Thus, this conf,gurat.on produces 5 simultaneous 
Samples maWng a cross pattern off of the image as shown at the top of Figure 13. Note that when the next p.xe. 
arrives a 45 "the entire cross pattern of samples will move one pixel to the right on the image following the 
rasti scan As the value for each pixel is retrieved, it may be latched before being supphed to subsequent 
processtna The delay elements 50 shown in Figure 13 may comprise any known delay element, for example a 
sSrlglster or a random access memory. Switches 51 and 52 control whether the pixels latched are from the 

55 retrieved pattern 44 or the acquired image 40. ^ ~« h„o 

Figure 14 illustrates apparatus for obtaining the Laplacian of the acquired pixel values One of us has 
determined that a satisfactory approximation to the Laplacian function at a given pixel location is to apply a 
we ighTof 4 to that particular pixefand a weight of -1 to the pixels above, below, to the left anc Ho the , r.ght of 
The specified pixel. As shown in Figure 14. the pixel values for pixels A and B are supplied to adder W,wh 
so hose for pixels D and E are supplied to adder 61 . As a result, adder 6D supplies an output signal A + B on I ne 
62 whMe adder 61 supplies an output signal D + E on line 63. Another adder 64 connected to receive the 
signals on line 62 and 63 then supplies an output signal on line 65 indicative of the sum of all of pixels A. B. D. 

Sn ?he pixel value for pixel C is supplied to a shifter 66. By shifting the pixel value two places left, the value is 
65 effectively multiplied by four, and the results supplied on line 67 to subtracter 68. Subtracter 68 combines the 
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sum supplied on line 65 with the quadruply-weighted value on line 67 to achieve a new value which 
approximates the Laplacian at pixel C of the input image. Thus the output 68 carries a video raster signal of the 
Laplacian of the input image. This signal is ted to the next stage of processing, the Gaussian convolver. 

The manner by which the Gaussian convolution is applied is shown in Figures 15 and 16. 

In our preferred embodiment, we make use of the fact that a two-dimensional Gaussian convolution can be 
decomposed into a composition of one-dimensional Gaussian convolutions. To see this, note that the 
two-dimensional Gaussian can be written as the product of two one-dimensional Gaussians: 



G(x,y) = exp I- 1_ J 



= G(y) * [G(x) *I (x,y) ] dU 



10 



15 



(6) 

= e*p [- £ f«p [- £ ] 

= G(x)G(y) (8) 

This allows us to decompose the two-dimensional convolution integral as follows: 20 
G(x,y)*Kx,y> = G (u , v) I [ (x-u) , (y-v) ] dudv (9) 

= f°° G(v)/~ G(u)I[ (x-u) , (y-v) ]dudv (10) 
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where l(x,y) is the input image to be convolved. 

Thus we are able to accomplish a two-dimensional Gaussian convolution by means of two cascaded 
one-dimensional convolutions which are much less expensive computationally to accomplish. The 
one-dimensional Gaussian operator may be approximated by a binomial distribution in one dimension. For 
example, the seven point binomial distribution 1, 6, 15, 20, 15, 6, 1 is quite close to the Gaussian. In our 
preferred embodiment, we employ a three point binomial operator with weights of 1, 2, 1 three times to 
produce the effect of a convolution with the seven point binomial distribution. This choice allows a particularly 
efficient hardware implementation. This is illustrated in Figure 16. 

Figure 15 illustrates the operation of the three point mechanism, G 3 . A digital raster input is applied to the 
input of two serially connected delay elements. These delay elements will both introduce a delay of n pixels 
between their input and output terminals, where n = 1 or 2 pixels for horizontal convo lutions and u = the 
image line length or twice the image line length for vertical convolutions: From these delay elements we 
obtain 3 simultaneous values A, B, and C separated by n pixels from each other in the image. A and C are 
applied to adder 70 and the sum supplied on line 71 to a shifter 72. Shifter 72 shifts the sum of A + C one place 
to the right in effect dividing it by two. The output signal on line 73 is supplied to adder 74 in conjunction with 
the binary value for pixel B. Adder 74 thereby provides on line 75 a value equal to the sum of the value of pixel B 
plus one-half the sum of values of pixels A and C. To maintain correct amplitude, this resuit is shifted right one 
place by shifter 76, and the result supplied on line 77. The result on line 77 Is the input signal smoothed by a 3 
point binomial distribution. To obtain a finer approximation to the Gaussian, the procedure of Figure 15 may be so 
repeated more than once as shown in Figure 16. 

Figure 16 illustrates how a pipeline of 3 three point Gaussian convolution elements G3 of Figure 15 is 
configured This device convolves the input video stream with a 7 point binomial approximation to a 
one-dimensional Gaussian G7. W the delay elements are set to produce a delay of one pixel, this will be a 
horizontal Gaussian convolution. If the delay elements are set to the line length of the image this will be a 
vertical convolution. . 

Convolving with a seven point normalized Gaussian operator reduces the amplitude of a typical Laplacian 
filtered image by about a factor of two. In the preferred embodiment, therefore, we need shift one less bit right 
for each seven point Gaussian operator. In other words, the amplitude of the output signal is boosted by a 
factor of two after application of each seven point Gaussian operator. In terms of the hardware required, this 
allows us to gain one bit of precision with each subsequent seven point Gaussian operator. Thus, in a 
preferred system having four such operators, four bits are gained, or equivalently four bits are saved m the 
pipeline data width while obtaining the same precision in the final output. One of the G3 operators of each G 7 
operator does not include the normalization operation for the reasons discussed above. To accomplish a 7 
by 7 two-dimensional Gaussian convolution, we assemble two G7 elements, one with delay set to do a 
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. r; ,„ ntfl , revolution and the other with delay set for a vertical convolution. 

horizontal convolution ana * fl njpe , in(3 of ^ 0 G? elements to produce a G 7 x7element. In 

The lower described is required. Similar techniques as 

pfaCt, ?hV^^^^ targe filters, however we have found a more efficient 

described th J input signal has been low pass filtered sufficiently that a 

approach. After he p g suff er from aliasing problems. Thus a 14 by 14 

ffitS^^^ °p erator with its points spread ou ; by , inc i a s sin9 its 

Gaussian convoy vertical delays from one line length to two line lengths, 

honzonta delays from ^ to ^ to £ roduC e effectively a 21 by 21 Gaussian convolution 

operat" n Tv^ operator aUhe start. The result is a V^G filtered ^ ^* 

operator in a v.u ^ storaae means for example, a random access memory such as described in 

%&^S£3£SE£Z;*. *~J!~, r - «.*-. » — . » — »~ 

„, T.orrr. In ^4ure 12 Generally, the components shown In Figure 18 are driven by a 10 megaHertz pixel 
t n^ns?™ edae Sk stored into the butters SOa-SOf. while.on the felling edge pixel data is read 

♦ ™«f in Finure 12 In the preferred embodiment memory 81 is a static random access memory and stores 
h 9 „%56 Xels of data The cho ce of the size of memory 81 is arbitrary, and larger or smaller memories may 

window on ^ i™fl ^ ^ va ^ n J nurnber of points in a window to be compared with the other .mage 

? he !.T« Surfer 80a wiU be filled with convolver data from either the stored pattern or from the SEM The right 
«S ?S iomVeSon while the five right buffers allow five locations in the right ,mage to be examined in 

fiV r h » U S?are provided through a look-up table and index to each point in the correlation window. This 

buffer and °™ <™« "S 1 ^ J^lnR Vate 92 drives desired counters to provide as many bits of accuracy as 
%H£X S P SeSSCSimSS a Ibit counter 93 is provided by three smaller 4-bit counters. Read 
i^^^^o^ 93 enable supp.ying the output from a desired counter to a transce.ver 

(n 2 atoTer embodiment of our invention, patterns already present in the '"^^^^X'SS! 
determined from the appended claims. 
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Claims 

1. A method of determining alignment of regions formed on a semiconductor structure during separate 

P 7e« S n? n ra P ^ a first location on the semiconductor structure during a first process step and 

at a second location during a second process step; mA a^ 

"JSring an image of the first patterns at the first and the second locations with apparatus to prov.de 

■ an fi»e a r?ng the image to attenuate at least some higher spatial frequencies while preserving at least some 
lower spatial frequencies to thereby provide a filtered image of the first patterns; and ^ 
Ts nq the filtered image to determine alignment of the first pattern at each of the first and second 
locations to thereby determine alignment of regions on the semiconductor structure. 

2 A method as in Claim 1 wherein the step of filtering further comprises applying a two-d.mens.onal 

G Trmet3M ST'ciaim 2 wherein the step of filtering further comprises applying both a Laplacian 
operator and the Gaussian convolution to thereby provide convolution values each value ^having sign 

4 A method as in Claim 3 wherein the step of using the filtered image compr.ses correlating the s.gn of 
the convolution values of the filtered image at each of the first and second locations 

5 A method as in Claim 1 wherein the first location and the second locat.on are adjacent each other, but 

HmSthSdai'ln Claim 1 wherein the first pattern comprises a first plurality of elements disposed in an 
a TA a meth P o a d C o1 oSSg^SSS of regions formed on a semiconductor structure during separate 

P TefintnTa P ffrsTpXrnata first location on the semiconductor structure during a process step; 

defining a second pattern also at the first location on the semiconductor structure during another 
process step, the second pattern overlying the first pattern ; 

acouiring an image of both the first and second patterns at the first location; 

SSriiJg ?he image to attenuate at least some higher spatial frequences while preserv.ng at least some 
lower SDatial frequencies to thereby provide a filtered image; and . .. c „„ . 

'ToXing the filtered image with a stored filtered image of each of the first pattern and the second 
oattern to thereby determine alignment of regions on the semiconductor structure. 

8 A method as in Claim 7 wherein the step of filtering further comprises applying a La P^ n °P^° r . 

9 A method as in Claim 8 wherein the step of filtering further compnses applying a two-d,mens.onal 
Gaussian convolution to thereby provide convolution values, each value having a s.gn. nr .. lnn th . 

10 A method as in Claim 9 wherein the step of comparing the filtered ,mage compnses correlating the 
sign of The con VO | Ution values of the filtered image with the sign of the convolution values of each of the 
stored filtered image of each of the first and second patterns. ^^.^.h. 

11 A method as in Claim 10 wherein the step of defining a second pattern further H com P ns H es h ^"' n n S £ 
second pattern at the first location with the elements of the second pattern d.sposed between the 

^Tm^Cd^n SSm m i1 wherein the elements in each of the first and second patterns are disposed 45 
substantially randomly in the respective array. , . 

13 a method of determining a dimension on a semiconductor structure comprising etri 
deflnTng a composite pattern of elements having edges at a location on the serr,:conductor structure 
tho nattprn beina itself comprised of a first pattern and a second pattern ; 

defin fnc p S ty of obscuring means extending through the composite pattern the obscunng m, ans 
obscS a first set of edges of the elements of the first pattern and a second set of edges of the 
elements of the second pattern; 

f^ri^«^^^ 

^^"^^^^^^^^ -red filtered image of the tjjt pattern 
and S a stored filtered image of the second pattern to thereby determ.ne any shift in the location of the 
first and second patterns which shift is indicative of the dimension to be determined. 
14. A method as in Claim 13 wherein the first set of edges and the second set of edges compnse 

TAmeSas in Claim 14 wherein the step of filtering further comprises applying a Laplacia in | operator 
16 A method as in Claim 15 wherein the step of filtering further compnses applying a two-d.mens.onal 

fiaussian convolution to thereby provide convolution values, each value having a sign. 
17 ^. A method of delerminingaignment of regions defined on media during separate process steps 

comprising: 
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defininq a first pattern at a first location on the media during a process step; 

defining a second pattern also at the first location on the media during another process step; 

acauiring an image of both the first and second patterns at the first location; 

fiilering ?he image to attenuate at least some higher spatial frequencies wh.le preserving at least some 
lower spatial frequencies to thereby provide a filtered image; and; 

comparing the filtered image with a stored filtered image of the first pattern to thereby determine 
alignment of the regions on the media. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



12 



0254644 




fig.: I. 




HORIZONTAL ALIGNMENT 



FIG 



4 



0254644 



ri2 




PATTERN A 
ETCHED IN 
SURFACE 



i 



24 



PATTERN A 
IN 

PHOTORESIST 




6 



v/y////A 




12 ^20 



24 20 



3, 



FlG._2a. 



FIG 2b. 



ACTUAL STRUCTURE 

INTENDED STRUCTURE 




OBSCURING 
BAR 



FlG_lla. 



SHIFTS^ 
LEFT 




SHIFTS 
RIGHT 



FIG Mb. 



0254644 



a a a a • 



• • ■ • •••» ••• 

aaa a aaaa •••••• •••• • • •• aaaa 

aa aa aa • • 

>■■■• aaaa a a 



aaaa aaa ••■ 
, ■ • ■ • • • 

•••• MB • 



■ ■ • • • 

■ ■ 
•••••• 



• • aaa 



• ■ • • • 



a ■ • ■ •■• 

;»a~a ••• • 

. a a • a aa a a aaaa Minn • 

• aaa aa a • mmm aaaaaaa aaa 

_ aaaa aaa •■• a a a aa a 

a ■ • aaaaM a aaaa •» aaaa a 

m Z mm mm a a a a* a aaaaa • 

" a s *a a aa ■ a a aa aaaaaa aaa a 

m Z aaaa aaaa* a aa a a aa aa aa a 

" _ , a i a aa aaaaaa a a aaaa aai 
■ " a# aaa • a a aa aaaa aa aaa aa aa 
Z. mmm • ••• • aaaaa a a aaa a 

" " . m aa aa a aaaa aaaaaaaaaa aa i 

Z " - a s a aaaaa m mm aaaaa a 

" .aaaaa aa a • • •■• * 

« aaa a a aaaa aa aaa a • 

aaaaa • » ■ 

aa ■ aa aaaaa a 

aaa aaaaaaa a a aa aa 

a aa aa aaa a aaaa a aaaa 
aaaa a aaaa a a a i 

aaa aaaaa a aaaa a aaa aa 

aa a a aaaaaaa aaa aaaa aaa •••< 
aaaa aa a a • aa a a aaaaaa 
aaa a a a aa a a aaaaaaaaa aaaa 
a a aa aa a aaaa aaaaa aaaa a 

IM aaaa aaaaa a a a < 

a • • a a aa a aaa a aa 

, aaa aaaa aaaa a a a a aaa aa ■ 

-.aaa a aaaa aaa a aaaaa aa a a 

! , ••• aa aa aaaaa aaaaa 

aa mm aaa mm a aa aaa a 

i aa aa aaa 



a a a a 



a a 



i a a 



aaa a 



a a a 



a a • a 
aaaaaa 
aaa a 



a a a aaa a a aaa aaaaaaa 

aaaaa a aa aaaaaaaaa 
aaa aaaa a aa a aa aaa a aaa 

aaa aaaaaaaaa a aa ■ 
B aa • a a a aaa aaaa aa aaai 



aaaaa a 



■PATTERN B 



F1G.—5. 




SIGN RESULT OF 
FILTERED PATTERN B 



FIG 7. 



PATTERNS A+B 




FIG 6. 



SIGN RESULT OF 
FILTERED PATTERN A+B 



FIG 8. 



0 2 5 4 6 A k 



FIGURE 8 CORRELATED 
WITH FIGURE 7 



FIGURE 8 CORRELATED 
WITH FIGURE 3 



0254644 



READ 
CONTROL 



c 

STORED 
PATTERN 



30 



Z5 1 



SEM 
IMAGE 



1 C 



32 



SCALING 



MAGNIFICATION 
CONTROL 



-33 



FILTER 
V2G 



L 



34 



FILTER 
V 2 G 



35 



STORAGE 



-36 



STORAGE 



1 a 7 



XOR 



1 Cl Q 



COUNTER 



CORRELATOR (FIGURE 18) 



READ 
CONTROL 



SET OFFSET 



_£39 



MICRO- 
PROCESSOR 



SET 



OFFSET 



FIG 12 




500 



SEM 



-42 



A/D 
CONVERTER 



•43 



•44 



PATTERN 
RETRIEVAL 



51 



52 



r 



DELAY 
499 



DELAY 



DELAY 



DELAY 
499 

50 



r 



45 



46 



-A LATCH 
■B LATCH 



^47 

♦ i - C LATCH 



48 

— D LATCH 



49 

C % - E LATCH 



FIG._I3. 



0254644 



FROM 
FIGURE 13 



A- 
B- 

D- 
E- 



ADDER 



r 60 
A+B 



■62 



■61 



ADDER 




-63 




D+E 






SHIFT 


4C 


LEFT 


^67 



64 



ADDER 



A+B+D+E 
rS 8 



SUBTRACTOR 



_(4C-(A+B+D+E)) 
LAPLACIAN 



DIGITAL VIDEO SIGNAL 
(TO FIG. 15) 

FIG._I4. 



DIGITAL VIDEO SIGNAL 
(FROM FIG. 14) 



n PIXEL 
DELAY 



1 



n PIXEL 
DELAY 



B 



r 



70 



ADDER 



A+C 



ADDER 



"^71 
74 



rl 2 



SHIFT 
RIGHT 



^73 



1/2 (A+C) 



7 - t z-76 



SHIFT 
RIGHT 



77 



^|. ^B+l/2 (A+C) ^ 



GAUSSIAN OF LAPLACIAN 



FIG 15. 



0254644 



PIXE! 

STREAM 



FIG. 15 

T 



\ 



DELAY=n 



\ 



INPUT 



G3 

T 



G3 



1/ 



DELAY=n DELAY=n/ 



/ 



HORIZONTAL G7 






1 










< 


DELAY=n 




0 






<r 






LU 

> 



• DELAY = n x 



G 



7x7 



OUTPUT VIDEO RASTER OF 
INPUT CONVOLVED 
WITH 7n x 7n GAUSSIAN 

FIG.—I6. 



FIG. 14 



FIG. 16 



VIDEO INPUT 



r " » 

LAPLACIAN 




G 7x7 




G 7x7 







n = ! 



n = 2 



V 2 G 
FILTERED 

IMAGE 
" VIDEO 
RASTER 

OUTPUT 



FIG 17. 



0254644 



ADDRESS 
GENERATOR 
COUNTER 



82 

WRITE 
ADDRESS 



DATA FROM 



"RIGHT", 
BUFFER 



CONVOLVER 
READ 



ADDRESS 



S 
R 
A 
M 



■81! 



r 



86 



ADDER 



84 



XY REGISTER 



16 



OFFSET TABLE 



COUNTER 



•85 



-83 



^LEFJ^_ BUFFER j 

^80a 
-80b 



BUFFER 



BUFFER 



V 



80c 



BUFFER 



•80d 



BUFFER 



-80e 



BUFFER 



■80f 



DATA 
FROM 
CONVOLVER 



90a 



•91 



L 
A 
T 
C 
H 



92 



XO 



READ 



ENABLE 




■93 



12 BIT 
COUNTER(S) 



XOR 



XOR 



-90b 



XOR 



•90c 



XOR 



■90d 



r 



XOR 



TO 



TRANSCIEVEF 



•90e 



READ 
ENABLE 



FIG 18. 



i 



0 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(£) Publication number: 



0 254 644 

A3 



EUROPEAN PATENT APPLICATION 



© Application number: 87401705,6 
(g) Date of filing: 22.07.87 

© Priority: 22.07.86 US 889055 

@ Date of publication of application: 
27.01.88 Bulletin 88/04 

(£) Designated Contracting States: 
BE CH DE FR GB LI LU NL 

® Date of deferred publication of the search report: 
18.07.90 Bulletin 90/29 



© int. Cl. s : G06F 15/70 



© Applicant: FAIRCHILD SEMICONDUCTOR 
CORPORATION 

10400 Ridgeview Court P.O. Box 1500 
Cupertino, California 9501 4(US) 

© Inventor: Nishihara, Keith H. 
1468 Richardson Avenue 
Los Altos California 94022(US) 
Inventor: Crossley, P.A. 
566 Arastradero Road 
Palo Alto California 94306(US) 



© Representative: Chareyron, Lucien et al 

Service Brevets Patent Department Etudes 
et Productions Schlumberger BP 202 
F-92142 Clamart Cedex(FR) 



© Mask alignment and measurement of critical dimensions in integrated circuits. 



© A method for determining alignment and critical 
dimensions of regions formed on a semiconductor 
structure during one or more process steps includes 
the steps of defining a pattern A at a first location on 
the semiconductor device during a process step, 
defining a second independent pattern B at the first 
location on the semiconductor structure during an- 
other process step, acquiring an image of the com- 
bination A and B of both the first and second pat- 
terns, filtering that image to attenuate higher spatial 
frequencies while preserving lower spatial frequen- 
cy* cies, and comparing the sign result of the filtered 
S image with the sign result of a stored image of the 
individual patterns to determine alignment errors. In 
2 the preferred embodiment the step of filtering in- 
2 eludes taking the Laplacian of Gaussian convolution 
of the image and saving the sign of the result. The 
I« comparison between the filtered image and the 
. <\| stored image uses the correlation function for the 
Q filtered images. Special circuitry is disclosed for 
performing the method rapidly enough to enable 
Qj commercial applications. 



Xerox Copy Centre 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 87 40 1705 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION Ont. CI.4) 



Y 
A 

Y 

A 

Y 



US-A-4 579 455 (KENNETH LEVY et al.) 

* Abstract; figure 6 * 

GB-A-2 151 104 (DAINIPPON SCREEN MFG 
CO. LTD) 

* Abstract; page 2, lines 43-55; page 
5, lines 30-50 * 

GB-A-2 067 744 (GOODYEAR AEROSPACE 
CORP.) 

* Abstract; page 2, lines 10-47 



,17 
5,13 
1,17 

15 

1,17 



G 06 F 15/70 



TECHNICAL FIELDS 
SEARCHED Ont. CI.4) 



G 06 F 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Dale of completion of the ward. 

06-04-1990 



CHATEAU J. P. 



s 

1 

s 
o 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L *. document cited for other reasons 

A "member of the same patent family, corresponding 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

yC^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^Tblurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

J^COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



